Study Design. A single-center, retrospective, consecutive case series. Objective. To evaluate the spontaneous development of cosmetic shoulder balance (SDCSB) after surgery and to investigate the feasibility of shorter segment fusion in adolescent idiopathic scoliosis (AIS) with Lenke I curve. Summary of Background Data. Upper instrumented vertebrae (UIV) at a more proximal level are always chosen to keep postoperative shoulder balance in AIS. In the guidelines of Rose and Lenke proposed in 2007, for Lenke I right thoracic curves, UIV should be T4 or T5 when the right shoulder is elevated preoperatively, T4 or T3 if the shoulders are level, and T2 when the left shoulder is elevated. Cosmetic shoulder balance (CSB), however, corrects and improves itself postoperatively. Methods. Seventy-five consecutive AIS patients with Lenke I curves were followed up for 2 to 5 years postoperatively. Twenty patients (26.7%) selected UIV at the caudal levels in the guidelines of Rose and Lenke (T5 when patients were with right shoulder elevated preoperatively, T4 when patients were with even shoulders preoperatively). Forty-two patients (56.0%) selected UIV at more caudal levels than those suggested by the guidelines. In this study, UIV at the caudal levels in the guidelines and UIV at more caudal levels than those suggested by the guidelines were shorter segment fusion. CSB was measured from photographs. Spinal Appearance Questionnaire (SAQ) was acquired for subjective evaluation of shoulder balance. Results. At last follow-up, the main thoracic curve was 19.58 AE 10.48, the coronal balance improved to 0.7 AE 0.6 cm, and T2-T12 kyphosis was 34.48 AE 10.88. At preoperation, immediate postoperation, and last follow-up, the measurements of CSB were 1.1 AE 0.7 cm (range: À2.4 to 1.7 cm), 0.9 AE 0.6 cm (range: À0.8 to 3.1cm), and 0.6 AE 0.4 cm (range: À0.6 to 1.5 cm). At the three time points, numbers of patients with À1.0 cm < CSB < 1.0 cm were 28 (37.3%), 46 (61.3%), and 70 (93.3%), respectively. There was significant difference between the measurements of CSB at immediate postoperation and at last follow-up (t ¼ 3.6, P < 0.001). At last follow-up, 74 (98.7%) patients perceived even shoulders in SAQ. Conclusion. SDCSB plays an important role in regaining shoulder balance after surgery in AIS. The shorter segment fusion is feasible in treating AIS patients with Lenke I curves.
A dolescent idiopathic scoliosis (AIS) is a 3-dimensional deformity of the spine, which affects the rib cage, pelvis, and shoulder girdle. Following instrumented correction of the main thoracic (MT) curve, the noninstrumented spine segments, trunk, and shoulders may gain spontaneous correction as well. [1] [2] [3] [4] During follow-up, some patients with unbalanced shoulders immediately after surgery may experience spontaneous development of cosmetic shoulder balance (SDCSB) in the postoperative period ( Figure 1A -C).
According to previous theory, to assure postoperative shoulder balance, the upper instrumented vertebra (UIV) must be carefully selected. 5, 6 A more proximal UIV was suggested sometimes to avoid postoperative shoulder imbalance. 6, 7 Lee et al. 6 recommended double curve fusion in patients with preoperative elevation of left shoulder. In the previous guidelines, 7 Rose and Lenke proposed that, to maintain postoperative shoulder balance in Lenke I right thoracic curves, UIV should be T4 or T5 when the right shoulder is elevated before surgery, T4 or T3 if the shoulders are level, and T2 when the left shoulder is elevated.
An appropriately caudal UIV, however, may be accompanied by SDCSB, bringing us new understanding to the previous guidelines: shorter segment fusion in some Lenke I curves may be feasible. The purpose of this study was to evaluate the phenomenon of SDCSB and the outcome of a series of Lenke I curves where shorter segment fusion was frequently selected. We defined the shorter segment fusions as constructs where UIV were selected either at caudal levels within the recommended guidelines of Rose and Lenke or at levels even more caudal than those recommended by the guidelines (T5 or T6 for right shoulder up before surgery, T4, T5, or T6 when shoulders were level preoperatively, and T3 or below for left shoulder up before surgery). 7 
MATERIALS AND METHODS
We retrospectively analyzed a consecutive series of 80 Lenke I AIS patients who were surgically treated between June 2008 and February 2011. Radiographs of the spine and photographs taken from the patients' back were obtained at preoperation, immediate postoperation (as soon as patients were able to get out of bed), and last follow-up. When photographs were taken, patients were in a neutral standing position with shoes removed and bare shoulders.
Among the 80 AIS patients, five were excluded because of insufficient photographs and/or incomplete record of Spinal Appearance Questionnaire (SAQ). Thus, a total of 75 subjects with ages ranging from 12 to 18 years remained for analysis, including 62 females and 13 males. The upper end vertebra (EV) of the MT curves ranged from T4 to T7, including T4 in two patients, T5 in 57 patients, T6 in 14 patients, and T7 in two patients. Patients with left MT curves, pelvis tilt greater than or equal to 2.0 cm, shoulder masses, or previous shoulder or spinal surgery were excluded from this study. Informed consent was obtained from each patient and their legal guardian.
Measurement of CSB
Cosmetic shoulder balance (CSB) was measured from photographs as previously described by Qiu et al. (Figure 2) 8 : the horizontal line PQ going through the higher axilla intersected the outer rims of two arms at the points P (left) and Q (right). Then, PQ was divided into PG and GQ by the midline of neck. The outer trisection lines of PG and GQ intersected the upper rims of shoulders at A (left) and B (right). The difference in vertical heights between A and B was defined as CSB. Positive CSB values were defined as the left shoulder up and right shoulder down. Negative CSB values were defined as the left shoulder down and right shoulder up. The value of SDCSB ¼ jCSB at immediate postoperationj À jCSB at last follow-upj. Interobserver reliability was estimated by three independent spine surgeons. Intraobserver reliability was evaluated by one spine surgeon. The reliability analysis was performed by the intraclass correlation coefficient (ICC). The measurement was considered acceptable with ICC > 0.75.
Radiographic Measurements
The MT and PT (proximal thoracic) Cobb angles, T2-T5 kyphosis, T2-T12 kyphosis, T5-T12 kyphosis, and coronal balance (CB) were measured from the poster-anterior and lateral spinal radiographs (Table 1 ). On side-bending radiographs, residual PT Cobb angles were acquired to assess the flexibility of the curves. The flexibility of PT ¼ (PT Cobb angle before surgery À bending residual PT Cobb angle)/PT Cobb angle before surgery. CB was defined as the horizontal distance of C7 plumb line and the central sacral line.
Radiographic parameters of shoulder balance, including clavicle angle (CA) and clavicle-rib cage intersection (CRCI), were measured as previously described. 4, 9, 10 Positive values were defined as the left shoulder up and right shoulder down, and negative values were defined as the left shoulder down and right shoulder up.
Spinal Appearance Questionnaire
Shoulder balance was subjectively evaluated in appearance by using SAQ. 11 SAQs were recorded from 2 years after surgery. The questionnaire contained a patient form and a parent form, using a 5-point scale ranging from neutral (score: 1 point) to the most severe deformity (score: 5 points). Question 6 of Appearance domain and question 16 of Expectations domain were about the cosmetic balance of shoulders. Shoulder balance was supposed to be satisfactory only if both the patient and parent considered shoulders balanced, and the score was 1 point (Appearance domain, patient form) þ 1 point (Expectations domain, patient form) þ 1 point (Appearance domain, parent form) þ 1 point (Expectations domain, parent form) ¼ 4 points. If the patient and/or parent considered shoulders unbalanced (a score of more than 4 points), the shoulders were viewed as unbalanced in SAQ.
Selection of UIV
Right shoulders were elevated preoperatively (À1.1 cm CSB À2.4 cm) in 33 patients. Among them, 8 patients selected UIV at T5, and 25 patients at T6. In the 25 patients with flexibility of PT of more than 30%, UIV were chosen at the vertebra just below the end vertebra (EVÀ1), which were T5-T6. In the eight patients with flexibility of PT of less than or equal to 30%, UIV were chosen at the EV, T5-T6 (Table 2) .
Shoulders were even preoperatively (À0.8 cm CSB 0.9 cm) in 28 patients. Among them, 13 patients chose UIV at T3, 12 patients at T4, 2 patients at T5, and 1 patient at T6. In the 15 patients with flexibility of PT of more than 30%, 8 patients chose UIV at the vertebra just above the end vertebra (EVþ1), which were T4-T6; 7 patients chose UIV at T3. In the 13 patients with flexibility of PT of less than or equal to 30%, 7 patients chose UIV at T4, and 6 patients chose UIV at T3 ( Figure 3A -E, Table 3 ). Left shoulders were elevated preoperatively (1.1 cm CSB 1.7 cm) in 14 patients. Nine patients selected the UIV at T3, three patients at T4, one patient at T5, and one patient at T6. In the four patients with PT flexibility of more than 30%, we selected the UIV at EVþ1 (T4-T6). In the 10 patients with PT flexibility of less than 30%, we selected the UIV at T4 in one patient and UIV at T3 in nine patients (Table 4) .
In the study, EV was given more consideration to decide UIV in all the patients preoperatively with right shoulder elevated, 8 patients with even shoulders and flexibility of PT of more than 30% before surgery, and all the patients with left shoulder elevated and PT flexibility of more than 30% preoperatively. So, the UIV in these patients were also described as EVÀ1, EV, or EVþ1 (Tables 2-4 ). In summary, 62 patients (82.7%) were treated by shorter segment fusions: 20 (26.7%) selected UIV at the more caudal levels within recommended guidelines of Rose and Lenke, and 42 (56%) selected UIV at levels even more caudal than recommended (Table 5) .
Statistical Analysis
All the statistical analyses were performed by SPSS 12.0 for Windows (SPSS Inc., Chicago, IL). Statistical significance was set at P < 0.05. CSB was measured from photographs using Image-Pro Plus 6.0 image analysis software. Paired t-test was adopted to compare the difference between CSB at preoperation and at immediate postoperation, and also between CSB at immediate postoperation and at last follow-up. CSB was transformed into absolute value before analysis.
RESULTS
A follow-up observation of patients was conducted for 2 to 5 years (mean 3.0 AE 0.9 years). Results of radiographic measurements, CSB, scores of SAQ, and complications were as follows.
Radiographic Measurements
The summary of radiographic measurements is listed in detail in Table 1 . The average Cobb angles were as follows ( preoperation and 12.18 AE 8.68 at last follow-up. CB improved from 1.6 AE 1.5 to 0.7 AE 0.6 cm, and T2-T12 kyphosis changed from 33.78 AE 13.88 to 34.48 AE 10.88 . CA was 2.08 AE 1.28 at immediate postoperation and 1.68 AE 1.18 at last follow-up (t ¼ 2.13, P ¼ 0.04). CRCI was 0.8 AE 0.7 cm at immediate postoperation and 0.6 AE 0.5 cm at last follow-up (t ¼ 2.01, P ¼ 0.05).
Cosmetic Shoulder Balance
At preoperation, immediate postoperation, and last followup, the values of CSB were 1.1 AE 0.7 cm (À2.4 to 1.7 cm), 0.9 AE 0.6 cm (À0.8 to 3.1 cm), and 0.6 AE 0.4 cm (À0.6 to 1.5 cm), respectively (Table 1 ). There was no significant difference between CSB at preoperation and at immediate postoperation (t ¼ 1.9, P ¼ 0.06), but there was significant difference between CSB at immediate postoperation and at last follow-up (t ¼ 3.6, P < 0.001). For the measurement of CSB, intraobserver ICC was 0.85 and interobserver ICC was 0.87.
Before the surgery, there were 33 patients with right shoulder elevated (CSB À1.0 cm), 14 patients with left shoulder elevated (CSB ! 1.0 cm), and 28 patients (37.3%) with even shoulders (À1.0 cm < CSB < 1.0 cm) ( Tables 2-4) . At immediate postoperation, no patient was with elevated right shoulder, 29 patients were with elevated left shoulder, and 46 patients (61.3%) were with even shoulders. At last follow-up, no patient was with elevated right shoulder, five patients were with elevated left shoulder (CSB ¼ 1.0, 1.1, 1.4, 1.5, and 1.5 cm), and 70 patients (93.3%) were with even shoulders (Table 5) . CSB indicates cosmetic shoulder balance; EV, end vertebra; EVþ1, vertebra just above the end vertebra; PT, proximal thoracic curve; SDCSB, spontaneous development of cosmetic shoulder balance; UIV, upper instrumented vertebrae. CSB was transformed into absolute value. The shorter segment fusion included two kinds of situations: UIV at the caudal levels in the guidelines of Rose and Lenke, and UIV at more caudal levels than those suggested by the guidelines. UIV at caudal level: T5 when patients were with right shoulder elevated preoperatively, and T4 when shoulders were even preoperatively. UIV at more caudal level than the guidelines: T6 when the right shoulder is elevated before surgery, T5 or T6 when shoulders are level preoperatively, and lower than T2 when the left shoulder is elevated before surgery. CSB indicates cosmetic shoulder balance; SAQ, Spinal Appearance Questionnaire.
Spinal Appearance Questionnaire
Seventy-four patients (98.7%) perceived balanced cosmetic shoulders and scored 4 points in SAQ (Table 5) . One patient scored 8 points at 2 years after surgery and scored 5 points at 5 years after surgery; this patient selected UIV at T4 who had even shoulders and flexibility of PT of less than or equal to 30% before surgery.
Complications
There was no neurological or vascular complication. All the patients gained solid bony fusion without any implant failure. One patient got early mild infection of incisional wound and was cured after proper treatment. No late infection was found.
DISCUSSION
Cosmetic shoulder is one of the three major features to predict overall body deformity. [12] [13] [14] Importantly, shoulder balance is an essential preoperative factor that influences the strategy to select UIV in thoracic curve, and is also a critical factor to evaluate the efficacy of surgery postoperatively. 6, 7, 15 No radiographic parameter showed high correlation with cosmetic shoulder, and perfect radiographic correction did not mean perfect CSB after surgery, 8, 16 so shoulder balance was mainly evaluated in appearance in the study. The purpose of this study was to evaluate SDCSB after surgery and to investigate the feasibility of shorter segment fusion in Lenke I curves.
SDCSB After Surgery
Anatomically, shoulder is indirectly connected with spine through movable joints, semi-movable joints, muscles, ligaments, and thoracic cage. In theory, shoulder is adjustable when spine has been instrumented in certain position, and may improve to a more balanced status to keep gravitational stability. In the study of Kuklo et al., radiographic shoulder height (RSH) was evaluated in 85 patients who had preoperative average PT Cobb angle of 298 and average residual side-bending PT Cobb angle of 188. Their results showed significant change of RSH between immediate postoperation and last follow-up. 4 Yong et al. reported that there was spontaneous correction of shoulder balance in patients with Lenke 1C curves after anterior selective thoracoscopic correction. 17 Zhao et al. also showed the postoperative development of shoulder balance in AIS patients with Lenke 1 and Lenke 2 curves after posterior pedicle screw instrumentation. 18 This study showed that the change of CSB from immediate postoperation to the last follow-up was significant, suggesting that SDCSB existed in AIS patients with Lenke 1 curves after surgery. Actually, 46 out of the total of 75 patients had À1.0 cm < CSB < 1.0 cm (radiographic even shoulders) at immediate postoperation. The change of shoulder balance after surgery in these 46 patients was slight. Data obtained from the 46 patients lowered the average value of SDCSB in this study. Importantly, at last follow-up, 24 of the other 29 patients with CSB ! 1.0 cm (radiographic left shoulder elevated) at immediate postoperation finally had shoulders with À1.0 cm < CSB < 1.0 cm. A total of 74 patients (98.7%) scored 4 points in SAQ and perceived balanced cosmetic shoulders. Therefore, SDCSB played an important role in regaining shoulder balance after surgery in Lenke I curves.
Meanwhile, in the follow-up, there was significant difference between CA at immediate postoperation and at last follow-up. No significant difference was, however, found between CRCI at immediate postoperation and at last follow-up. Thus, we were not certain that the cosmetic change was entirely caused by the radiographic change ( Figure 4A-D) .
Selection of UIV and Shorter Segment Fusion
The management of PT was always controversial in the treatment of AIS. In Lenke classification, PT was suggested to be instrumented if PT met the criterion of structural curve: the residual side-bending PT of greater than or equal to 258 or T2-T5 kyphosis of greater than or equal to 208. 5 Lee et al. reported that to avoid aggravation of shoulder imbalance after surgery, instrumentation of PT was recommended if patients had left shoulder elevated preoperatively. 6 For patients with preoperative even shoulders, Kuklo et al. found no significant difference in postoperative shoulder balance between instrumentation and noninstrumentation of PT. 9 Ilharreborde et al. believed that T1 tilt would lead to long-term neck pain. Thus, UIV should be at T3 or T2 in case of elevated right shoulder with rigid PT, and should be extended to T1 in case of elevated left shoulder to correct T1 tilt. 19 In 2007, Rose and Lenke proposed more elaborate treatment guidelines of AIS 7 : for the selection of UIV in Lenke I curves, they suggested T5 or T4 if right shoulder was elevated preoperatively, T4 or T3 if shoulders were even, and T2 if left shoulder was elevated before surgery.
In this study, 26.7% of patients selected UIV at the caudal levels within the guidelines of Rose and Lenke: T5 when right shoulder was elevated preoperatively, or T4 if shoulders were even preoperatively 7 (Table 5) . Fifty-six percent of patients selected UIV at levels even more caudal than recommended by the guidelines. At immediate postoperation, 38.7% of patients had left shoulder elevation (CSB ! 1 cm), which decreased to 6.7% (5 patients) at last follow-up. Moreover, 98.7% of the patients scored 4 points in SAQ, suggesting that they obtained shoulder balance in subjective evaluation after surgery. Although five patients' radiographic shoulders were measured imbalanced (CSB ¼ 1.0, 1.1, 1.4, 1.5, and 1.5 cm) at last follow-up, only one patient felt mild shoulder imbalance in their subjective evaluation (scored 8 points at 2 years after surgery and 5 points at 5 years after surgery) ( Table 5) .
There were no long-term complications with very satisfactory deformity correction in all the patients. At last follow-up, MT curve was 19.58 AE 10.48. CB improved to 0.7 AE 0.6 cm and T2-T12 kyphosis was 34.48 AE 10.88.
Several patients showed small negative values of SDCSB, which indicated slight but clinically insignificant worsening of shoulder balance (À0.4 to À0.1 cm, Tables 2-4 ). This may be attributed to minor adjustment and MT overcorrection. Although one of the objectives of the study was to report the feasibility of shorter segment fusion, we did not confirm that this technique was suitable to all Lenke I patients, as 13 patients with preoperative balanced shoulders had T3 selected as UIV because of uncertainty by the treating surgeon that shoulder balance could be maintained by shorter segment fusion.
Obtaining balanced correction while fusing the fewest number of vertebrae is always desirable. In this study, we demonstrated that shoulder imbalance corrected itself spontaneously after surgery, making a shorter segment fusion acceptable in most Lenke I curves. Further prospective cohort studies with a large number of patients will be needed to further refine indications for shorter segment fusion.
Key Points
SDCSB plays an important role in regaining balanced shoulder after surgery in Lenke I curves. In the study, 93.3% of the patients gained À1.0 cm < CSB < 1.0 cm at the last follow-up, and 98.7% of the patients perceived their shoulders balanced in SAQ. An appropriately caudal UIV may be accompanied by SDCSB, bringing us new understanding to the previous guidelines: shorter segment fusion in some Lenke I curves may be feasible.
